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OBJECTIVE OF THIS EXPERIMENT 


To obtain the change in the longitudonal moment of a low winged mono- 
plane caused by the addition of the propulsive unit operating at various 
conditions of power. 

To construct possible working charts for use in calculating this change 


from power off wind tunnel tests of scale models. 
DESCRIPTION OF APPARATUS 


The G.A.L.C.I.T. propeller powered model was used for the tests made in 
this investigation. The model was complete with fuselage, wings, tail sur- 
faces, N.A.C.A. Cowl, three bladed propeller, electric motor. 

The motor was a 12 H.P. electric motor rated at 12000 r.p.m. Since the 
model was one-sixth full scale the full scale power was 36 x le = 432 H.P. 
This was approximately the full power of the low-winged onal initial with 
which the model was nearly geometrically similar. The propeller blade sec- 
tions were of the same form as the Hamilton Standard 1Al-0, 20 Blade with 
tips cut to 18". 

The torque, r.p.m. were measured according to the following description. 
The schematic diagram is shown in Figure Z and the timing circuit in Figure 3. 

The torque developed by the propeller is opposed in equal amount by the 
resisting moment in twist by the torque bar. A soft iron bar mounted on the 
torque bar and operating between the pole faces of coils (1) and (2) moves 
with the twist of the torque bar, varying their impedance. The change in 
impedance is indicated by balancing the bridge by means of the variable re- 


Sistance. <A calibration curve of a known torques and their corresponding 


resistance readings was made before and after each run,and the mean values 
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used. The resistance readings for balance of the bridge were tuen converted 
to kilogram-meters by the calibration curve. For calibration, known weights 
were placed on vans suspended by knife edges to the ends of a 50 cn. bar 
mounted on the stator. 

A revolution counter was geared to the rotor and leads from the con- 
tx¥actors were introduced into the timing circuit. i iin relay 
circuit was actuated by a pendulum and the number of contacts were counted 
by an impulse counter over a period of approximately 10 seconds. The timing 
circuit was calibrated against a crystal controlled 50 cycle current several 
times during each run to obtein timing intervals. The ouantities angle of 
attack, drag, lift and moments were measured in the normal wanner by the 


G.A.L.C.I.T. six component balance system. 


THEORY PERTAINING TO LONGITUDONAL STATIC STABILITY 


FOR UNACCELERATED RECTILINEAR FLIGHT 


The development of the charts in this paper as well as the method of 
attack upon the problem was based upon the theoretical treatment of longi- 
tudonal static stability by Dr. C. B. Millikan in his course of aerodynamics 
at Calif. Ins. of Tech. 

The most suitable method of indicating the degree of power for airplanes 
in unaccelerated rectilinear flight is the power parameter (@) developed by 
Millikan and is equal to the negative of the resultant drag divided by the 


lift. Its development is herewith repeated: 


ANALYSIS OF THE EFFECT OF POWER ON LIFT, DRAG, 


AND PERFORMANCE 


In order to give a satisfactory discussion of this subject, it is neces- 


sary to analyze the problem somewhat more closely than is customary. With 


(2) 





this in view, let us consider an airplane in climbing (or gliding) unac- 
celerated flight. The forces acting in the direction of tne flight path 
may be split up into a thrust, T, a drag, D, and a gravity force 7s shown 
in Fig. 4. 


The eouilibrium condition is 


D+Wsine2T (1) 





The precise definition of D and T has not yet been given. However, be- 
fore discussing this question, let us first transform Eq. (1) to a more 
familiar and convenient form. Multiplying by VY, expressing fT in terms of 
brake horsepower FP, and a propeller efficteney ® . and introducing the drag 


coefficient, Cp , we obtain: 
C, (4,U) g SV+W sin OV = P?(4,J) (2) 


where the variables upon which Cp and Va may depend have been explicitly in- 
dicated in parentheses. It will be noted that Eq. (2) is just the usual 
performance equation. 

We have just stated that the precise significance of D and T in Eq. (1) 


had not yet been given. This means that in Eq. (2), C, and ? have not yet 


(3) 





been exactly defined. Actually we may define eitner one in a rather arbi- 
trary fashion, the other is then determined by the fact that the forces 
mist be in equilibrium, i.e. Eq. (2) ust be satisfied. 

It has been customary in the past to define C, (q,JU ) by equating it to 
Cp (4) which is the drag coefficient of the airplane without propeller. 
Then in order that Eq. (2) may be satisfied, the propeller efficiency 2 @&,d) 
should be replaced by a propulsive efficiency 7 (¥,U) determined from wind 
tunnel tests on an airplane or model with propeller running, and for all per- 


tinent values of J and&. Ea. (2) would then take the form 
Cp fades V+ W sin@® v= PP(a,d ) (3) 


Practically all propulsive efficiency investigations in the past have 
been restricted to the case of zero inclination of the thrust axis, so that 
the dependence of 1 ond ig well known, while its dependence on &@ has been 
very little discussed. It was one of the essential aims of the present Sekine 
of tagth to furnish data on this variation of svesmiZlos efficiency with 
thrust axis inclination. The data so obtained could be presented in the form 
of a series of normal propulsive efficiency charts each corresponding to a 
definite value of & or thrust axis inclination. However, the complications 
introduced into normal performance calculations, through the necessity of 
using such a family of propulsive efficiency charts, would be so overwhelm 
ing that is is very doubtful whether the data would be of any practical service 
An entirely different method of presenting the results, based on a rather dif- 
ferent point of view with respect to the performance equation is here suggested 
and gives the data in such a form that the designer can use them in perfor- 
mance estimation without any essential modification to the normal calculation 
procedure. 


x See Russel L, McCoy, MitlikKan paper /Vo.3 Vow..3, Js$ TAS. 
(4) 








In introducing this new method we return to Eq. (2) and replace % (v, J) 
by a propulsive efficiency ’/ (J) which is determined from measurements at 
zero inclination of the thrust axis, i.e. % is just the propulsive efficiency 
which is customarily given in the standard propeller charts. Then in order 
that Eq. (2) may be satisfied, we must replace Cp by an effective drag coef- 


ficient, Cp, so that the performance equation now takes the form: 
Cp. (KS) gSVtW sinO V=P % (J) (4) 


(Note that at zero inclination of the thrust axis, Eqs. (3) and (4) are 
identical, i.e.," 2 o and Co. ™ Cp). With this equation, performance is 
calculated in exactly the normal manner, using the standard propulsive ef- 
ficiency charts, the only modification being that Cp, 1is used instead of Co. 
We shall return later to the discussion of how this modification is accom- 
plished and shall see that no considerable additional labor is required. We 
must first, however, investigate the manner in which Cp, may be determined 


from our wind tunnel tests. 


a i Sof HA 


Fig. 5 


In Fig. 5 the forces, in the direction of the relative wind, which act 
on the model mounted in the wind tunnel are indicated. Ris the resultant 
force exerted by the model on the drag rigging, taken as positive in the di- 


rection of the drag force. Hence the external force which the drag rigging 
(5) 





exerts on the model is R, taken as vositive in the direction of the thrust. 
The diagram, which has been drawn with all forces positive, is exactly analo- 
gous to the previous free-flight diagram, Fig. 4, except that the wind-tunnel 
diagram corresponds to a case in which T<D, i.e. to an airplane in eliding 
rather than climbing flight. The condition that the forces be in equilib- 


rium leads to the equation 
DETHR, 


or miltiplying by V and defining the drag coefficient and propulsive effi- 


ciency exactly as in Eq. (4): 
Cp @ IY) gSV-RVEPY, (VY) (5) 


Comparing with Eq. (4), we see that the wind tunnel and free-flight equations 


are identical if 
R2- W sine (6) 


This means that the resultant force exerted by the drag balance on the model 
plays exactly the same role in the wind tunnel as does the component of the 
gravity force along the flignt path in unaccelerated free flight. If we 
determine values of Cp, in the wind tunnel for a series of values of R, the 
former are identical with the values of Co in free flight for the corre- 
sponding values of W sine. 

It appears now that we must determine Co. as a function of three inde- 
pendent parameterse ,J, and R. However, it is easy to see that only two 
are independent. Dividing Eq. (5) by ¢ S V and introducing the coefficient 


of resultant force Cp, = R/ S we obtain 


(6) 


\ 





Cp (4,J) = Ce+ PRs v 


But, at a given, ‘Cris a function only of J, a aJ (7, Cp). Hence, 


introducing torque and revolutions per second, 
© be (4, Cg) > Cr+ 27 Q@ %,(V) [¢ S V 


It is convenient to replace the variable « by the lift coefficient C, since 
the latter is the essential parameter in the free flight case. If we define 
the lift as the resultant aerodynamic force perpendicular to V (including 
any contribution from inclined thrust), then the wind tunnel measurements 
given =7 (C,), (cf. Fig. 8). Hence we obtain the final equation for the 


determination of Cp: 
Co. (CL, Cy) = Ce + 242% W) / Diag SU (7) 


6. OR, 2,4), and J are measured in the wind tunnel, Dia. and S are known, 
and % (J) is obtained from propulsive efficiency charts corresponding to 
zero thrust inclination. 

It now only remains to express Cp in terms of a parameter having a sige 
nificance in free flight. If we follow the definition given above and take 
L as the resultant aerodynamic force perpendicular to the relative wind 
(flight path), then we see from Fig. 4. that for unaccelerated, rectilinear 


flight 


L #2 Wcos 8. 


Combining with Eq. (6) 
R/L=- tane. 


or finally 
(7) 





Cas - C, tane. (8) 


Hence our wind tunnel observations finally give 
Co. = Cp. (Cc, 6) (:@) 


e- Constant 





THRUST AXIS RLONG 
Elight Path 
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The results may then be expressed in the form of a family of polars of C De ¥8 e, 
C, each polar corresponding to a constant angle of climb (or glide) 9. 9, 
then, is the parameter which represents the power condition of the model. 
These polars will have somewhat the character of those in Fig. 6, possess- 
ing a common intersection at the C, corresponding to zero thrust axis incli- 
nation, which will normally be near the high speed attitude of the airplane. 

We return finally to the question of how such data can most easily be 
used in performance analyses. Following Oswald (N.A.C.4. Tech. Rep. No. 408) 
we may define the airplane efficiency factor e by the equation 


- c; 
oy ae Che (10) 
er AR 


(A.R. ® aspect ratio = by S, ami C Dp parasite dreg coefficient) 
where e is chosen so as to determine as nearly a constant value of COp as 
is possible over the flying range. Now since all of the polars will normally 
intersect close to the axis, C, = 0Q, Co, will be practically tne same for all, 


and the effect of variations in © can be taken into account by varying e 


(8) 





only. This means that we may present all of tne wind tunnel data pertinent 


to normal performance calculations by giving 
e=e (6). (7) 


Performance calculations may then be carried out in the conventional manner 
except that for any particular angle of climb the appropriate value of e, and 
hence of span loading, must be taken. 

Before proceeding to a discussion of the exverimental results in the 
light of the above considerations, it might be pointed out that angle of 
climb as introduced above appears to be the most satisfactory dimensionless 
parameter which can be found for describing the condition of power output 
under which an airplane is overating. Not only the performance character- 
istics of this section, but also the stability and control results of the 


next are presented in terms of this convenient parameter . 


The following development of the static longitudonal moment is presented: 


The moment due to the wing and fuselage is equal to 


Gwin = Gay * [(¢-28- 4/4 + ACm 





Where ACm is the additional moment due to the fuselange and Cy, is the 
moment ofthe wing about its A.C. "b" is positive when the center of gravity 
is below the A.g. Clockwise moments are positive. [¢ ~1 o] is tne ef- 


fective position of the center of gravity horizontally. 


(9) 





Tail moment. We 


0G. Me = -L,.42-4#4 @ 6G. 
_ fg = 2 afb. Fe 
Define Cag Vd. * “Zs Me 


Where "t" is the mean aerodynamic chord of the wing. S,is the area of 


horizontal tail surfaces. Vy» is the velocity of the air over the tail. 





fh, is known as the tail-wing volume ratio. 


CF 
Ve Se ¢ 
vo Cn, = 7 — feo 
vi 
vy < V J) Bes Ge =e 
Ce = ms foe a 
(1) 
Che = 2o%, = eo (. - Downwash angle) 
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Where XJ =%.-o%, (oe and %, measured from zero lift) 
f. is downwash due to tail 
Ew is downwash due to wing 


Assuming elliptical lift distribution 





Se = Me 


TR. 


Letting € = twice downwash at wing 
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Then 





6x = Qo (x, — Cow = Cow = Cog _ xd) 


TA, TR 1T Alle 


Collecting 


Cu. (1 + HR) Cai TR. )~ oe Xd 
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GENERAL EFFECTS OF POWER 


The effects of power on the wings are: 
The visual effects of power on the flow over the wings as viewed in the 
smoke tunnel of the N.A.C.A. at Langley Field showed, 
1) Increase of velocity over the wings. 
2) Delaying of the separation to higher angles of attack. 
Increasing the velocity increases the parasite drag, induced drag and 
the lift for the same angle of attack. The delaying of separation increases 
the angle of stall. 
The probable effects of power on the tail (based on power off fommlae) are: 
In the development of the tail moment coefficient two assumptions are 
made. 


(11) 





a) Elliptical lift distribution. 

b) Downwash due to the wing at the tail is twice the downwash of 
the wing. 

The lift distribution is generally not elliptical, which is one small 
error. The downwash at the tail due to the wing with power on or power off 
has not been proven to be that assumed. 

For an untwisted wing any error in (a) should give a constant error, 
while change in downwash may give a varying effect with power. The latter 
will give an effective change in the tail efficiency (Ce. 

c) 7. will absorb changes in velocity over the tail due power. 
Therefore, if power increases the velocity over the tail, % 
should become larger. 

Now if Cm, power off and power on are compared at same C. then the only 
changes in @.. will be for (c) which is known to increase with power, and ad- 


ditional change in downwash angle. 
TESTING PROCEDURE 


The testing procedure is essentially the same as that used by Russell 
and McCoy, and fully described in the Journal of the Institute of Aeronautical 
Sciences, January, 1936, issue. A brief outline follows. 

The standard wind tunnel testing procedure plus tne addition of the 
torque and revolution counter apparatus will give all the necessary data for 
evaluating Cm , Ce, CR, Tane, for various angles of attack and elevator angles, 
provided that a typical airplane to which the model conforms is selected and 
a traverse of the area between the power available and the power required 
curves is nade. 

The typical airplane selected was the Northrop Alpha since it was very 
nearly eeometrically similar to the model. See figure No. Fed for diagram 


(12) 
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of the model, assumed full scale data, aerodynamic and performance narameters. 
The variation of r.p.m. with velocity was talen from WA.C.A. Renort 

No. 408. From the G.A.L.C.I.T. prommlsive efficiency charts and the ebove 

report the value of 7? was determined as a function of velocity. Aseming 

constant engine torque, r.p.m. and’? eave thrust horsevower available as A 


function of velocity. 


_— 
—_ a = — 


The sea-level thrust horsevower required was evalnated as a funetinn of 


velocity from the performance parameters. 

A propulsive efficiency curve ror the blade angle determined was then 
obtained experimentally from wind tunnel tests to check the accuracy of the 
apparatus. 

Figure J. shows the power curve obtained. These were then transformed 
into those shown in Figure Y. for a wind tunnel guide during the testing pro- 
cedure. 

This was carried out for the complete airplane and for the wing-fuselage 


combination. The resultant curves are shown in Figures /C rnd /3. 
EXPERIMENTAL RESULTS 


The plot of ., VS. Cp for power on and power off is sesvelline in Figure /O 
and shows that Co. equals Cp for level flight. Therefore, "e" power on may 
be taken as "oe" power off. 

Figure g shows the increase in lift with power, also the velocity VS. 
angle of attack curves for power on and power off. The latter curves show the 
evident decrease in the stalling speed due to increased lift. 

The plot of CG. vs. Xo of the wing-fuselage is presented in Figure Zi. 
The increment of thrust contributing to lift is included in the curves but is 
very small, ranging from ~.001 at %.= -2.°8 to C,.= +.0132 at A= 8.97. 
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INVESTIGATION OF EXPERIMENTAL RESUL'S 


The presentation of the change in moment of tne wing-fuselaze combina- 
tion with power did not seem to present any great difficulty. 

The presentation of the change in the moment of the tail with power wag 
more complicated beceuse any normal method of presentation would have to con 
tain C, as an additional function, and this should be avoided if possible. 

The author decided that the discussion on PageZLZshowed the possible 
adaption of the tail efficiency as the most likely method of obtaining re- 
sults that would be independent of C,; and whose percentage changes would be 
applicable to any configuration of a low winged monoplane. 


The power effect was divided into three classes. 


1) Percentage change in moments of the wing-fuselaze due to power. 


a Cm 
fae. oA f 6) (where Cm, ,is (mat G0 ) 
CM wk, 


A d Awe 
si - (6 
te § (@) 


Evaluating 4 Caw sad CMws y= Chico, + & Caw 


2) Percentage change in moments of the tail due to power. 
Come =~ AG + B%, 


Qo 
A Se I- TAD 
C Sw | + Ao 


TTR 


Le. ( 
BS Cw (Fz) |e 


TRA e 


where A = 


| ACae 
But a a Pro ——— and can be evaluated from Cm, vs. Cz 


A may vary with power, but if A is considered constant any change way 
be included in A®. 


(14) 








OMe F ~t.f CG + e,Bp (Power on) 
Cae = 7 CeAG + Ce, Ge (power off) 
CMe > Come, - 40, 4 Ce + Ce, Bp — Ce, Bo 
But Come, i8 measured in W.T.T. 
; B may vary with power wh. 
A is known (any change is included in 4%). 


a% = ea Ney ( "Ce, is measured in W.T.T.) 
Veo Bo 1S value of Crre . AT G630 CFrom wr) 
Kc — and Ce are needed and can be evaluated 


from power model experiments. 


3) Increment of moment due to thrust. 


EXPERIMENTAL PROCEDURE AND ANALYSIS 


WIND TUNNEL TESTING 


Power off runs 
1. @ 20352 420 complete airplane 
3.6 a tio saat2- " i 
3. e@mtto5 " 3 
4.e2-/05 * . s 
5. @ =-20 5 o " ft 
6. . " Less Tail Surfaces 


Power on runs (as given on Page | 3.) 
1. Same as 1 for power off 


Le Same as 2 " . " 


4 


3. Same as " 7 . 


3 

4. Same as 4 " . : 
5. Same as 5 
6 


6. Same as 


(15) 





Use of W.T. data 


a) tan © , ‘a ge 1% , Oe Cr were calculated. 
b) Cr vs. G was plotted for all runs -- power on and oower off 
c) Curves of constant tan@ were faired through experinental points 


on Cy vs. Ce . 


ad) For C values at every .1l interval, values of Cm and tan @ 


e) 


were tabulated. 

For same value of Ci the value of ™ (wing-fuselage) was sub- 
tracted from Cy (complete airplane) for same condition of power 
(tan @). This gave value of O16 for same power conditions at 


various values of "e", 


z) CM vs. for same "e" and various power conditions was 


g) 


plotted er 15). 





From i < re ee oy i- g “Be | the values of Te were calcu- 
lated * rahe and variation of Ve Or tee 
Co 


was plotted vs. tan© and 4G, (Figure /6). 


Elimination of thrust from moment 


h) Since Cr = Cr - Co. Define 
4 
ANG Co. 2 Co Ts GY iS 
2 
Then y= Sram ae 
CR ‘ Cr-Co and 


“ Cys CR +Cp PD = ae Aras TF 


Also we =~ vs Cm 3 Cr = 


But CR and Cp are known from W.T.T. 


Cry is known. 
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Horizontal Comp. of thrust must equal resultant drag 
_ C7 cos - CrtCp 


Cr+ Co 
CosX 


— 


or Cre 


Ca tCo\F 
Cosa Po 





iti cag = 


For model 


=.07 


rin 


i) In plot of Cmeavs. C, moment due to tnrust was calculated 
and subtracted from ACa -< due to power 
(Figure/3\), giving OCm,,~.less thrust increment. This new OG, , 
due primarily to increase in velocity was plotted and the change 
in slope and intercept plotted in Figure {7 
j) Figures GY, /O, Il were plotted for change in CG, and Cp, 


(complete airplane), C vs.¢ (wing-fuselage). 
CONCLUSIONS 


1) The addition of power is destabilizing (statically). 

2) The destabilization is definitely dependent upon the area of wing and 
tail exposed to slip stream. 

3) Destebilization caused by the tail varies with vertical position of 
tail with reference to M.A.C. chord of wing. 


(17) 





4) The change in moment due to thrust must be calculated. 


5) Investigation of low-winged monoplane without tail and with various 


6) 


7) 


air-foil sections of same span, chord, etc., to compare A, -with 
Clark Y ae used in this investigation. 
Construction of similar charts for high winged monoplane from data 


of G.A.L.C.I.T. Report 148, published in Yol.3, No. 3, J. of I.A .S. 


is deeirable. 


Evaluation of My( power on) in dynamic stability from this report and 


G.A.L.C.I.T. Report 148 should be attempted. 


8) Flight testing of all planes when time permits; for further checking 


of the charts presented in this report. At present there is very 


little flight test data available. 
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PART TWO 


I 
The calculation of the effect of power upon Longitudona] Static Stability 


has been divided into three general steps. 

a) Change in the wing-fuselage moment curve dve to increase in 

velocity. 
b) Moment due to thrust. 
c) Change in the tail moment curve due to addition of power. 
Il 
CORRECTION OF WING-FUSELAGE MOMENT CURVE 
It is to be noted in the plot of lift versus angle of attack that the 

increment of lift increases with angle of attack. Now at angles of attack 
below zero the thrust will tend to decrease, rather than increase the lift. 
However, the chart shows an increase of the es of lift with angle of 
attack. Actual calculations of the contribution of lift due to thrust shows 
it to be very small compared to increment due to increase in velocity. From 
the above considerations it is apparent that the area of the wing exposed to 
the slipstream mest enter directly into the increase of moment due to in- 
crease of velocity with power. 


The suggested correction factor is 





Se : WHERE — 
ASS Primes indicate ffitplAane. 
Save Sv. Exposed Area 6} WING-Fisclnge 


YE 


which is to be multiplied by factors on Figure IT for obtaining change in 
intercept and slope. : 
III 


See Page /G of thesis for procedure. 
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IV 
CORRECTION OF TAIL MOMENT CURVES 
The curves Figure 1S show the change in slope and intercept with addition 
of power. 
Fg. [G Shows ‘2. Ceo ~ Cep v=, ACna . based Upon 
Ce. Rep 


the curves in Sig. 1S. 


Tlie. chrage LN inforcept VWVhrS SO SMALL , And 
CUFVES WERKE CATRKAPOLATED S$ron, Ci: (6 G@iGec- 


Theectore this change Many be neglected, 


CHANGE OF SLOPE WITH VERTICAL POSITION 


V.% 
V y a 


N.A.C.A. Report 539 shows a variation in downwash and with vertical 


position of tail for wing alone. Placing model'in Figure 20 of that report 


shows 
. TAIL 
WING ¥ IS: 
Ss —. = -— -— © 
—— ale x ne, 
ie 2.0 a aS SS eee 8 
4.5 


Des 19N ERS 
CHORD LINE 


Vv. 
ee ee CONSTANT (%) 


es Downwash 


This variation is also shown in a W.J.l, report, which gives the follow 


ing figure: 








C P 
This shows that Cea 4 (a ) % ) Cen | 


CB 
Now "legs “eo _ 6 “Cea - Cro and fete 


iG 
“—p Sa leg 
& _ os 
c c 





tS 


f. Je Ate _ A Cg 


C 
= Cen eg 


satisfies this function, aul MAY be used. 








Expanding gives 

Cp Cte 

= en + <4. 

Se yal eS = ACB 
+ "en eg 
CB 
2 MGT a ~ & ez, 
Yeg Weg 


Now N.A.C.A. Report 539 shows that for tail lengths similar to model the 
mininum position for the tail is along the designer's chord line. Also, the 


WOT. report shows that the tail efficiency is a ratio of vertical height of 


tail above this minimum position. The model has given a position other than 


the minimum position and therefore any other point along the curve can be 
evaluated. The equation becomes 


i 
ms .- ae 
ee For FRIRPLANE CONSIDEREO 
15 c Be 
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CHANGE OF SLOPE WITH EXPOSED AREA 


U 


te e 
Most modern airplanes have a ee = ./04f the propeller diameter is 
drawn straight back to the tail. Similarly with the model. For this reason 
the entire tail is considered as being in the slipstream and correction 


factor similar to wing-fuselage factor becomes 1. 
CHANGE OF INTERCEPT 


The same correction factors will be used as for change in slope. The 
percentage change in intercept is from zero at e¢=o to .033 at up 20°, 


which can in general be neglected, since .0100 is equivalent to a stabilizer 


ABouT 
angle shift ofy,jone~fourth degree. 


It is apparent that the center of gravity must be shifted to the same 
position as the model for the wing-fuselage moment curve, power off condition, 


in cases where the change in slope with power is other than zero. 


SUGGESTED PROCEDURE FOR CORRECTION OF POWER OFF MOMENT CURVES 


DUE TO ADDITION OF POWER 


a) Tabulate 


A, 

Fy 

S (prea o § wing - Foselag é — VAC#) 

a (Aten of horizontal TRIL S OFF i@ces) 

C' (RVERACE CHORD INFRONT OF rat) 

g" meninaniail DISTONCE FROM DESIGNERS CHOFD LiwE To are 


HINGE LINE 
we (ARE) 


% 
AL 


rh 


WO» dja 


=. (PREA OF WING -FUSELAGE BEHIND PROPELLERS ) 
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b) Plot Car. ve Cy (Complete cirplane-cower off) 
Plot Cup, vs-G, (power off) 
Co 
c) Calculate Coe, vs-Cg (power off) 


D 
se t of OS i 7 
d) If Figure /7 shows change in slope for plot of 4 Lag" ® ANG, 
RoTATE C, axis To €.6.7.31 on PLOT OF Coun, US Ce 


Ot w 3 
Fick Tf @ Cowes and ee. ‘ea and multiply by factor > ve 
Cw As d CA w fe Ss" 

C ‘RST 


Correct slope and intercept of GF. pa Ce 


e) Calculate moment due to thrust and add to resultant of (d). 


Ce Cp 
ae hd 
OT ppg os T Cos — 
For tanezo 
Cp 





CM we0s COs 


f) For avvropriate tan © and GCy, pick off 4 @r 
ele 








i AS 
Then _ ~ +e 
> 


A. = Pe ee] +2] A 7. 


(om 





+] be =(¢ Ce ) ( percentage correction ) 


Te 


Plot CM, ,¥8. Ci, 
az) Add Cote V8 C. to Co ap, VS G, to obtain 
Cp vs. Ce 
h) For new C.G. position needed for desired stability compute new value 


of tail length and repeat (f). 
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It must be remembered that the elevator or stabilizer angle will 
be in error because the model had a fixed elevator, whereas flight tests 
have free elevator, which changes intercept and slone of the tail moment 
curve. 

In general, the position of the center of gravity needed for a 
given stability agrees within@.0Ol of the flight test data available for 


entirely different types of airplanes than was used in the investigation. 


AGREEMENT WITH FLIGHT TEST DATA 
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TYPICAL EXAMPLE 


we _ 2973.4 _ x) Mee =- Bigs 
Se = oT Res 77 
f= Merc 8 TF. .433 Cus #2° 
/ 70 

- 170 © Wace (G23 

/ g4 
> ~ SE 2 - 0 S6S thrust Ara = F2/95 
" EF =, US - 137 
ra _2O ¢ 4¢2.3 
22 439° @ 42.20 Be VOR ope 


939 17+ 3S y 
Te 192.3 x 735 ss, 
THRUST LINE $5 below MAC. ; AKO 58/5 below TAIL 
Tact Mement Cortection 


Frew plot of CM, V5, wa 





_ ee . &s om ¥ 
= een |e | - 43q 4 151 fi 2s |> 2OG 





And Cotwe, ys Ce plot on v$ Ce 
ad Core. a > mm Oe 30 ; 
7: nae , U7 i ~ SPS 

Prema Sig. 10 with Tane=0 and ACne=0 Sind aie ./20 


BG = Tes | Se? €! — a zx. 20 =.CO0O7 


Gen = Chg-~ OM% LEeF be - 3905 
Plet New Cote, vs. C, 


WING Fuselage Cotraction : 
From Fig.t(? ACowse =t.1/7 3 Cotur, (Feo tun, vs @)=2 0500 
Cow, 


BIZ — 
CMe, = ~.0 500 + (TE ea *C? 0500) = —, 0570 





HLSo Fig-4? shows change in slope = O 


Component of ae due Teo tOrost. 


Cy = Cr* £ = Se. £ 
Ce Co Cosx Cr Cry = F %137 
0.0. 6200 Toe) ,O206 O02 F 
_ 6220 us ,0220 ,00 390 
we | 0250 se ,o250 0034 
.& .0 350 oi ,0 350 ,0o4 


Plot Cottections pnd then C1 wee, t Crt, , = Cr75 
Fo tr ANY desiped Cony fro tee Cy WKLS * Proper C.G, Oo“ Cae oe vs. Cr. 
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